Because of its high wear and corrosion resistance, AISI 52100 steel is mostly used in automobile and aerospace applications. It is a high strength chromium steel with hardness usually greater than 45HRC.The prime objective of this study is to identify the influential machining parameters affecting metal removal rate (MRR) and cutting forces. During turning of AISI52100 steels, a central composite design (CCD) through response surface methodology (RSM) was employed to generate a model for predicting the MRR and cutting forces. The significant parameters and their contribution percentage were identified using analysis of variance (ANOVA). Furthermore, the affect of machining parameters in the MRR and cutting forces were examined and validated for identifying the accuracy of the predicted model. To conclude, the optimum values of MRR and cutting force along with the optimum parameters were ascertained using genetic algorithm (GA).
INTRODUCTION
AISI 52100 steel is high chromium & carbon steel with low alloying composition. Because of its high mechanical properties like fatigue and strength, this steel is used in highly stressed components. The primary applications are heavy function shafts and aircraft bearings. Despite of its advantages, high hardness of the material makes it difficult to machine. [1] Hence it is dire necessary to find out suitable parameters during machining.Several parameters like tool nose radius, feed rate, depth of cut, cutting velocity etc., determine the performance of machining. In the recent years, lot of attention is paid towards the influence of the above parameters over Output responses like cutting force, Material Removal Rate (MRR), Surface finish, Tool wear etc [2, 3] . Attensioa et al. performed machining on hardened AISI 52100 steel to study the influence of cutting speed and feed on material removal using PCBN inserts. Results revealed that MRR was primarily influenced by cutting speed [4] . In an experiment by Meddour et al. [5] significance of cutting parameters on cutting forces and surface roughness was studied during turning of AISI 52100 (59 HRC). Experimental design and statistical analysis was performed using Response Surface Methodology (RSM.). Also, the optimum parameters were found using response optimizer. Zhang et al. [6] studied the significance of input parameters during machining of 2.25 Cr 1Mo 0.25V high strength steel. RSM was used to analyze the relation between factors and responses. Genetic Algorithm (GA) was employed to identify the optimum parameters influencing MRR and cutting forces. During a study of optimizing cutting parameters affecting cutting force and surface roughness, Hamdi et al. [7] used RSM and proposed best machining conditions. On the other hand Anderson et al. adopted RSM to study the influential cutting conditions while turning AISI 52100 steel. Multi response optimization was performed for minimizing surface roughness and maximizing MRR. In a similar work by Gaurav et al. [8] performance analysis on surface finish and cutting forces were studied. A suitable parametric range was proposed for effective machining. Khaider et al. [9] performed cutting operation on AISI 52100 steel and studied the influence of parameters on MRR and cutting forces. GA was used to optimize the cutting parameters. Results revealed that depth of cut primarily influenced MRR. It is also seen that GA proved to be an effective optimization technique. In a similar study by Rahul et al. [10] GA was used to maximize MRR in turning Al Mg1 Si Cu. From results it was found that GA predicted the optimum values very accurately.
II. MATERIALS AND METHOD
The surface finish of machined workpiece is often considered as the quality index of a material. Therefore, it is important to reduce the surface irregularities during machining. The machining parameters and their influence on MRR and cutting force were inspected.
a. Experimental set up
The turning operation was conducted using a semi automated lathe 7.5KW machine. The bed length of the machine is 1830mm with centre height 185mm. The spindle speed ranges from 45 rpm to 2000 rpm. The experimental conditions were taken from the previous work [11, 12] The Kistler make piezoelectric tool force dynamometer (9257B) is used to measure the cutting force. The data is computed and interpreted using XKM software.
b.
Cutting Insert and Work material: Multilayer coated carbide inserts with cutting edges were used in the experiment. The inserts were purchased from Sandvik Coromont India with ISO designation DNMG 11 04 08 PM 4325. The insert is mounted on right hand holder PDJNR 25 25 M11. AISI 52100 steel (50HRC) of 40mm diameter was machined to an effective length of 250mm. Table I, shows the elemental composition of the work piece . The mechanical properties of AISI 52100 steel are presented in Table II . Machining layout The influential machining parameters on MRR and cutting force were identified under various machining conditions. L15 orthogonal array was selected and 15 experiments were performed. The machining parameters and their levels were presented in Table III and Table IV . International Journal of Innovative Technology and Exploring Engineering (IJITEE) ISSN: 2278-3075, Volume-9 Issue-3, January 2020
III. STATISTICAL MODELING
The Response surface methodology is an effective method for statistical analysis and optimization. Taguchi partial factorial design is used to obtain the design matrix for carrying out the experiments. The modeled data is verified using full quadratic regression equation. The relationship between input factors and output responses is established and their significance was analyzed using variance analysis (ANOVA). Response surface optimizer is employed to optimize the cutting parameters. The optimization goal is to minimize the cutting force and maximize material removal rate.
The following quadratic equation presents the correlation between input factors and output responses. a. ANOVA for MRR From the variance analysis of MRR, it is revealed that the R 2 value (99.56%) is very near to 100%, which is highly desirable. Moreover the adjusted R 2 value (98.76%) is closed to the obtained R 2 value. This indicates high goodness-of-fit of the generated model. As the statistical analysis was performed for 95% confidence level, any factor having p-value less than 0.05 is considered as significant. Table V . shows depth of cut is the most significant factor with 48.91% contribution followed by speed (27.53%).Besides, the interaction of depth of cut with speed and feed also has influence. ANOVA for Cutting force From the model summary obtained, the R 2 value is 99.63% indicating very high fitness of the model. The adjusted R 2 value (98.97%) is found to be very close to R 2 value. Table  6 ., presents that feed and depth of cut are significant factors with p-value less than 0.05.Of these, depth of cut has highest contribution of 45.35% followed by feed with 41.87%.
IV. ANALYSIS OF VARIANCE (ANOVA)
Additionally, the interaction of speed and feed, and feed and depth of cut also have considerable significance. 
c. Model validation
Model validation is a confirmation test after establishing a regression model. Hence, the generated models for MRR and cutting force were verified using probability graphs. Figure- Optimization through GA: GA is a global optimization technique which is primarily inspired by Darwin's natural phenomenon on genetic evolution. This employs survival-of -the-fittest principle by selecting the best chromosomes in genetic evolution process. Subsequently, the selected chromosomes are subjected to stochastic swap over techniques. GA is based on artificial intelligence by associating biological principles which is highly effective in obtaining the global optimum solution. This in turn surpasses the conventional optimization techniques. Initially, the potential chromosomes are identified by performing random quest with in the search space. These identified chromosomes are converted into bit strings for performing stochastic swap over operations like cross-over and mutations. The fitness value of the new output strings are inspected for optimum solution and similar operations are performed until the optimum solution is obtained. Moreover, GA simultaneously execute global and parallel search in order to eliminate deficient chromosomes. Figure 2 . Shows the flow chart of the algorithm.
Fig.2. Flow chart of genetic algorithm optimization process
This work is aimed at obtaining the optimum MRR and cutting force. This work is aimed at obtaining the optimum machining parameters which pertain to maximum MRR and minimum cutting force. The objective function for the optimization is given as: The optimization was performed with the mutation and crossover rate of 0.001 and 0.9 respectively, considering the population size as 200.The maximum value of evolutionary algebra is 500. The graphs for minimum cutting force and maximum metal removal using genetic algorithm were presented in figure (5) and figure (6 
VI. CONCLUSIONS
The high carbon chromium containing AISI 52100 steel was machined using multi layer coated carbide inserts. The performance investigation was performed using RSM, ANOVA and GA. The prediction models were established to identify the influential machining parameters on MRR and cutting forces. The following conclusions were drawn:  The Quadratic regression equations for MRR and cutting forces generated through RSM were highly accurate. The R 2 and adj R 2 value for MRR are 99.56% and 98.76%, whereas for cutting forces are 99.63% and 98.97%. 
The 3D surface plots generated for MRR and cutting forces effectively exhibit the interaction of machining parameters over the responses. At higher cutting feed rate there is a significant reduction along with rise in cutting speed. whereas at lower feed rate, there is a minute increment in cutting force as the cutting speed progresses. At constant cutting speed, the force followed an increasing trend with increased depth of cut and feed. 
The interaction of speed, depth of cut and feed has significant affect on MRR. All the parameters have direct influence on MRR, i.e. as the parametric combination increases, the MRR increased, and vice-versa.  Additionally,the optimum machining parameters were obtained employing genetic algorithm ,the parametric combination of v=85m/min,f z =0.15mm/rev,a p =0.9mm resulted in maximum MRR of 19476.8mm 3 /min,the combination of v=85m/min,f z =0.27mm/rev and a p =0.1mm resulted in least cutting force of 140.56N.
